Objective: To investigate the association between total alcohol intake and intake of different types of alcoholic beverages in relation to the risk of basal cell (BCC) and squamous cell (SCC) carcinoma of the skin. Design: Prospective cohort study. Setting: Follow-up data from a community-based skin cancer study in Australia. Subjects: Randomly selected sample of 1360 adult residents of the township of Nambour who completed a food frequency questionnaire in 1992 and were monitored for BCC and SCC until 31 December 2002. Results: No significant association was found between overall BCC or SCC risk and total alcohol intake, or intake of beer, white wine, red wine or sherry and port. However, among those with a prior skin cancer history, there was a significant doubling of risk of SCC for above-median consumption of sherry and port (multivariable adjusted relative risk 2.46, 95% confidence interval 1.06-5.72) compared with abstainers. Conclusions: There are no associations between first occurrence of skin cancers and alcoholic beverage consumption. People with a history of skin cancer who consume above-average quantities of sherry or port may be at a raised risk of SCC, although replication of these findings in different study populations is needed to confirm this possible role of specific alcoholic beverages in secondary keratinocytic skin cancer risk.
Introduction
Basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) are the most frequent cancers in white populations worldwide, and the incidence of these keratinocytic cancers is increasing (Stern, 1999; Diepgen and Mahler, 2002; Christenson et al., 2005) . With a cure rate of 95%, the mortality rate is low but treatment costs are very high for these common cancers (Eedy, 2000; Staples et al., 2006) .
The main environmental cause of BCC and SCC is exposure to solar ultraviolet radiation, which causes mutations in genes that are responsible for repair processes and cellular proliferation, and result in carcinogenesis (Ramos et al., 2004; Almahroos and Kurban, 2004a, b) . Fair skin, light hair and eye colour, a tendency to burn and history of severe sunburns are established risk factors for skin cancers (Fung et al., 2002; Freedman et al., 2003; Almahroos and Kurban, 2004a, b) , but epidemiological evidence suggests that factors in the diet may modify skin cancer risk (McNaughton et al., 2005) .
Consumption of alcoholic beverages has been linked to an increased risk of melanoma (Marchand et al., 2006) but to date few studies have assessed the relationship between alcohol consumption and keratinocytic skin cancer risk. Results of two case-control studies showed no significant association between alcohol intake and BCC (Kune et al., 1992; Sahl et al., 1995) , although results of recent cohort studies suggest that the association between alcohol intake and BCC may vary between different types of alcoholic beverages (Fung et al., 2002; Soleas et al., 2002; Freedman et al., 2003) . These studies showed a positive association between BCC risk and total alcohol intake, white wine and liquor consumption and an inverse association with red wine consumption. To date, no studies of alcohol consumption and the risk of SCC have been reported.
It is unclear how alcohol may modify skin carcinogenesis. Hypotheses include interference of alcohol with immune function through impairment of T cells and cell-mediated immunity; formation of DNA adducts; interference with cytokine action; mutagenesis and induction of oncogenes (Merimsky and Inbar, 1999) . Red wine, for example, is thought to have cancer-preventive effects owing to the presence of flavonoids (e.g. quercetin, catechin) and other polyphenols (e.g. trans-resveratrol and gallic acid) (Soleas et al., 2002) . Polyphenols have antioxidant properties and may inhibit the growth of human cancer cells (Soleas et al., 2002) . Flavonoids, a class of polyphenols, have cancerpreventive effects related to their antimutagenic and antiproliferative capabilities and their antioxidant properties (Hertog et al., 1992; Lambert et al., 2005) .
The objective of this study was to investigate prospectively the association between total alcohol intake, intake of different types of alcoholic beverages and risk of BCC and SCC in a representative sample of adults in Queensland, Australia.
Subjects and methods
The Nambour Skin Cancer Study We conducted an 11-year prospective cohort study among randomly selected adults who had participated in a skin cancer prevention field trial as part of the ongoing Nambour Skin Cancer Study. Detailed descriptions of the community sample, the field trial and its outcomes have been reported previously (Green et al., 1994; Green et al., 1999) . In summary, the Nambour Skin Cancer Prevention Trial was a randomized controlled trial with a 2 by 2 factorial design that evaluated the effectiveness of daily consumption of b-carotene tablets and application of sunscreen in preventing skin cancer. The Nambour Trial was conducted between 1992 and 1996 among 1621 adult residents of Nambour, a subtropical community in Queensland, Australia. At baseline in 1992, participants were asked to complete a food frequency questionnaire (FFQ) and questionnaires on skin characteristics, sun exposure and personal characteristics. Height and weight were measured by trained study personnel. The study was approved by the ethics committee of the Queensland Institute of Medical Research and all participants provided informed written consent.
Determination of BCC and SCC Study participants were followed up from trial baseline in February 1992 until the end of 2002 to ascertain the occurrence of BCC and SCC. Full-body skin examinations were conducted as part of the trial protocol by dermatologists in 1992 dermatologists in , 1994 dermatologists in and 1996 dermatologists in (Green et al., 1999 . Elastosis of the neck was assessed and all skin cancers diagnosed clinically were biopsied and confirmed histologically. In addition, participants carried a skin cancer treatment card on which the participants' doctors recorded all clinically diagnosed skin cancers at time of treatment. Every 3 months participants were followed up in study clinics and asked about any skin cancer treated since last contact. After 1996, when the intervention ceased, information on subsequent skin cancers was collected through questionnaires mailed twice-yearly to participants. In 2000, participants were offered a further full skin examination by a dermatologically trained physician, and suspected skin cancers were biopsied for histological confirmation (Valery et al., 2004) . Finally, during the complete follow-up period from 1992 to 2002, independent pathology laboratories throughout Queensland provided pathology reports for all skin cancers diagnosed among study participants. These methods ensured virtually 100% ascertainment of histologically confirmed skin cancers in the study population (Valery et al., 2004) .
Study outcomes
For both BCC and SCC, two outcomes were used in the analysis: (a) tumour-based incidence: number of newly developed histologically confirmed BCC or SCC; and (b) person-based incidence: number of persons newly affected by BCC or SCC during follow-up. Follow-up duration was calculated as the time between baseline and date of withdrawal, date of death or 31 December 2002, whichever came first.
Dietary assessment
Intake of five alcoholic beverages, namely beer (including low alcohol beer), red wine, white wine or champagne, sherry or port, and spirits was assessed as part of a 129-item self-administered, semiquantitative FFQ. Participants were asked to indicate how often, on average, they had consumed the beverage over the last 6 months per corresponding serving size. The frequency of use varied from 'never' to 'X4 times per day'. Grams of intake of each alcoholic beverage were estimated by multiplying the reported consumption frequencies by the serving sizes specified in the FFQ. Daily total alcohol intake in grams was calculated using NUT-TAB95 software, which incorporates the food composition tables of Australia (Food Standards Australia New Zealand, 1995) . A validation study among a subsample of the Nambour trial participants (n ¼ 96) that compared intake estimates from the FFQ with estimates based on 12 days of weighed food record (WFR) showed high Spearman correlation coefficients for alcohol (overall correlation coefficient 0.84) .
Statistical analysis
Because of its protective effect against coronary heart disease, moderate consumption of alcoholic beverages is widely advocated (Masters, 2005) . Total alcohol intake was therefore divided into three categories; abstainers (no consumption of alcohol), moderate drinkers (40 and p1 standard drink per day for women, 40 and p2 standard drinks per day for men) and heavier drinkers (41 standard drink per day for women, 42 standard drink per day for men) according to the Dietary Guidelines for Australian adults (National Health and Medical Research Council, 2003) . For the five alcoholic beverages, a dichotomous variable (intake yes or no) as well as a four-category variable (abstainers, no intake of the specific beverage, pmedian, 4median consumption) was constructed.
Relative risks (RR) and 95% confidence intervals (CI) were calculated to assess the risk of BCC or SCC associated with total alcohol consumption and consumption of each of the recorded beverages, compared with abstainers as the reference group. For tumour-based analyses, generalized linear models with negative binomial distribution (and personyears (pyrs) of follow-up as off-set) were used, whereas person-based analysis were conducted using the generalized linear model specifying Poisson distribution with a robust error variance (Zou, 2004; Hughes et al., 2006) . All statistical tests were two-sided with a level of significance of Pp0.05. Analyses were conducted using SAS 9.1 statistical software package (SAS Institute, Cary, NC, USA).
Analyses first used a basic model, which included age, sex and treatment group (sunscreen treatment and beta-carotene treatment, yes/no). Secondly, analyses were performed in a multivariable adjusted model, which includes confounders that changed the crude RR by more than 10%. For BCC the full model consisted of age (continuous), sex (male/female), betacarotene treatment (yes/no), sunscreen treatment (yes/no), elastosis of the neck (none, moderate, severe), occupational sun exposure (mainly outdoors, outdoors and indoors, mainly indoors), leisure sun exposure (mainly outdoors, outdoors and indoors, mainly indoors) and a history of skin cancer before 1992 (yes/no). The full model for SCC consisted of age, sex, beta-carotene treatment, sunscreen treatment, self-reported skin colour (fair, medium, olive or black or brown), number of pack-years smoked until 1992 (non-smoker, 1-7, 7-20, more than 20 pack-years), elastosis of the neck, occupational and leisure sun exposure, and a history of skin cancer before 1992. Other covariates that were considered as confounders but did not change risk estimates by more than 10% include energy intake, body mass index, eye and hair colour, tanning ability of the skin, physical activity level, highest education level achieved, presence of a medical condition, number of freckles on the back, number of painful sunburns ever experienced, and the number of solar keratoses diagnosed at the baseline skin examination. Skin colour and number of pack-years smoked did not confound estimates for BCC.
Stratification on presence or absence of a history of skin cancer before the start of the study was performed based on the a priori hypothesis that people who had a prior skin cancer have an increased risk of developing subsequent skin cancers and may be more susceptible to risk modification by intake of alcoholic beverages (Green et al., 1999; Hughes et al., 2006) . Information on skin cancer history before the study was based on skin cancers identified during skin examinations and surveys conducted between 1986, when the cohort was established, and 1992 (Green et al., 1988; Green and Battistutta, 1990; Green et al., 1994; Green et al., 1996) , and on self-reports of any type of skin cancer before 1986 (Green et al., 1988) .
Results
Of the 1447 participants that completed the FFQ in 1992, 53 participants were excluded because they did not indicate consumption frequencies for 10% or more of the FFQ food items, and a further 34 participants were excluded because they reported energy intakes outside the recommended normal ranges (Willett, 1998) . After these exclusions, 1360 participants remained (577 males and 783 females) who were on average 49.7 years old.
The majority of the participants who were excluded because of missing FFQ data had three or more of six alcohol-related FFQ items missing. Compared with the participants included in the analyses, they were older and reported a smaller number of sunburns during their lifetime (independent effects), but they differed neither by prior history of skin cancer, nor phenotypic characteristics associated with skin cancer risk, including skin colour. Follow-up response was 88% of the potential pyrs; 94 persons died and 165 persons withdrew from participation during the study period. Persons who withdrew from the study were older, more likely to have smoked for more than 7 years and less likely to have achieved a post-school qualification (independent effects), but after allowing for these factors they did not differ by intake of alcoholic beverages, total alcohol intake, history of skin cancer before the study or characteristics associated with skin cancer risk.
Of the 1360 participants included in the analyses, 267 (20%) developed one or more histologically confirmed new BCC and 127 (9%) developed one or more SCC tumours during 12 942 pyrs of follow-up with an incidence of 5131/ 100 000 pyrs for BCC and 1816/100 000 pyrs for SCC (personbased incidence: BCC: 2063/100 000 pyrs; SCC: 981/ 100 000 pyrs). The tumour-based incidence rates for BCC among the 1002 participants without a prior history of skin cancer were 2001/100 000 pyrs and 13 936/100 000 pyrs among the 358 participants with a history of skin cancer before the study; those for SCC 775/100 000 pyrs and 4744/ 100 000 pyrs, respectively. Of the total 236 BCC and 106 SCC reported in questionnaires between 1996 and 2000, we were able to obtain histological confirmation for 78 and 92% of these, respectively. Table 1 provides the tumour-based risk estimates for total alcohol consumption and consumption of different types of alcoholic beverages. There was some suggestion of a positive association between moderate alcohol intake and risk of BCC (multivariable adjusted relative risk (RR mv.adj ) 1.32, 95% CI 0.92-1.90), but there was no increased risk associated with high alcohol intake. There was no association between total alcohol consumption and SCC risk.
Neither beer nor white or red wine consumption was significantly associated with BCC and SCC (Table 1 ). There was weak evidence for an increased risk for BCC associated with above median consumption of sherry/port (RR mv.adj 1.52, 95% CI 0.96-2.41), and a positive association between below median consumption of spirits and risk of BCC (RR mv.adj 1.52, 95% CI 1.00-2.31) compared with abstainers. Above median intake of spirits was not associated with BCC or SCC risk.
Results of the analyses stratified by skin cancer history and BCC risk are shown in Table 2 . There were no associations between intake of total alcohol, alcoholic beverages and BCC risk among both strata. However, there was a suggested positive association among participants without a history of skin cancer of below median consumption of spirits and BCC risk (RR mv.adj 1.64, 95% CI 0.91-2.96). No association was seen for above median consumers of spirits in the same stratum or for participants with a history of skin cancer.
In the analyses of SCC risk stratified by skin cancer history (Table 3) , no associations were observed for total alcohol or the separate beverages in the subgroup of people without a skin cancer history.
Risk of new SCC was more than doubled for above median consumption of sherry/port in participants with a history of skin cancer (RR mv.adj 2.46, 95% CI 1.06-5.72; P for trend ¼ 0.05). There was weak evidence for a positive association between below median intake of white wine and SCC risk in participants with a history of skin cancer (RR mv.adj 1.90, 95% CI 0.89-4.06; P for trend ¼ 0.08). There was no association between intake of beer or spirits and SCC risk in both strata.
There was no evidence of interactions between alcoholic beverage consumption and either sunscreen use or betacarotene supplementation in this population.
Overall, person-based analyses (data not shown) showed similar results to the tumour-based analyses though the strength of associations for person-based incidence data were somewhat weaker.
Discussion
We found no evidence for an association between intake of any of the five alcoholic beverages or total alcohol intake and risk of primary BCC and SCC in the overall sample.
Stratification by previous history of skin cancer showed an increased risk of SCC for consumption of sherry and port among respondents with a history of skin cancer before the study. Examination of the point estimates suggests that the direction of associations differed between persons with a previous history of skin cancer and those without such history.
The outcomes, BCC and SCC, were accurately measured through an extensive surveillance system. We consider misclassification of participants unlikely owing to the fact that this surveillance system comprised of dermatological examinations, questionnaires, doctors' records and independent reports from pathology laboratories.
The participants who were lost to follow up during the study period were older, more likely to have been long-term smokers and less likely to have a post-school qualification than those who completed full follow-up, but they did not differ in terms of alcohol exposure, phenotypic characteristics indicative of skin cancer propensity, or prior history of skin cancer. As we allowed for age, smoking and education status in our analyses and participation was not differential by the main exposures of interest nor by indicators of skin cancer propensity, we consider that any bias caused by this loss-to-follow-up is likely to be negligible. The same is true regarding the exclusion of 53 participants owing to missing FFQ data.
We consider our estimates of alcohol intake reliable, as a validation study of the Nambour FFQ was carried out within a sub-population (n ¼ 96) in which the estimated intake from the FFQ was compared with the estimated intake from a WFR. Results showed that, compared to the WFR, the Nambour FFQ provided reasonable estimates for alcohol intake (mean FFQ/WFR ratio of 1.07; 95% CI 0.86-1.34) . In addition, a review by Sawyer-Sommers (2005) concluded that self-reported alcohol consumption is, in general, a valid basis for measuring alcohol intake. However, self-reported alcohol intake will be subject to error. as study participants may be unaware of portion sizes and reported alcohol intake may be influenced by social desirability (Sawyer-Sommers, 2005) . As the association between alcoholic beverages and skin cancer is not well established, we expect that this would be non-differential with respect to skin cancer.
Our results suggested a 32% increased risk of BCC associated with moderate alcohol consumption, but no association with high intake of alcohol. These results are comparable with those of previous studies conducted on alcohol intake and BCC. The cohort study using personbased data from the Nurses Health Study and Health Professionals Follow-up Study showed modest increases in risk of BCC with increasing alcohol intake but lower risk estimates for the highest category of consumption (Fung et al., 2002; Freedman et al., 2003) . A suggested explanation for this lack of consistent increase in risk with increasing consumption was that those in the highest alcohol intake group may have been more likely to consume beverages that Alcohol intake and risk of skin cancer were not associated with an increased risk of BCC (e.g. beer) (Freedman et al., 2003) . However, the notion that the association between alcohol and cancer risk is modified by the type of alcoholic beverages consumed (also seen for lung and ovarian cancers (Benedetti et al., 2006; Peterson et al., 2006) owing to specific active components, remains speculative. Uncorrected confounding would be an alternative explanation for the differential associations by type of alcoholic beverage consumed. A recent study showed that increasing average alcohol use was positively associated number of sunburns among US adults except for people in the highest category of alcohol consumption (Mukamal, 2006) . The number of painful burns ever experienced was considered as a confounder in our analyses but did not change the risk estimates. Owing to the large number of possible confounders relating to sun exposure and sun sensitivity accounted for in our study, it is unlikely that residual confounding relating to sun exposure explains these results. With respect to beer, our results again showed similar results compared with results in the above-mentioned cohort study where no association between beer intake and BCC risk was found (Fung et al., 2002) . A cohort study among male Danish brewery workers, however, showed a minimal protective effect of beer consumption and the risk of keratinocytic skin cancer (standardized incidence ratio: 0.90; 95% CI 0.80-1.00) (Thygesen et al., 2005) . A possible explanation for the lack of the association in our and other studies is that potential chemopreventive activities of polyphenols in beer derived from hops and malt (Gerhauser, 2005) are counteracted by a negative impact of ethanol on the immune system (Freedman et al., 2003) .
TMR Ansems et al
We found no association between white and red wine intake and BCC in our total population or in stratified analyses. Also, after stratification by sex, no association was observed between consumption of red wine by males and females and BCC risk (data not shown). These findings are in contrast to Fung et al. (2002) who found a positive association between white wine and BCC risk and an inverse association between red wine intake and BCC among women. Fung et al. excluded participants with a previous history of cancer, which is comparable with analyses in our subgroup of persons without a history of skin cancer, in whom we also did not observe an association between BCC risk and red or white wine consumption. A possible explanation for the differences in risk estimates between Fung et al.'s study (2002) and ours lies in the more comprehensive adjustment for sun-exposure history, such as occupational and leisure time sun exposure and elastosis of the skin, that was carried out in our dedicated skin cancer study, in contrast to the limited adjustment for confounders that was possible in analysis of skin cancer outcomes in the large US cohorts (Fung et al., 2002) . Stratification for both sex and history of skin cancer was not possible due to small numbers in the strata.
To date, no studies have been conducted on the association between sherry and port and skin cancer risk. The manufacturing of sherry and port (fortified wines) is similar to that of wine. However, the natural fermentation process is interrupted by adding brandy to increase the alcohol percentage. A possible explanation for the increased risk of SCC among participants who consume above median quantities of sherry and port is a negative impact of ethanol on the immune system (Freedman et al., 2003) , which is not counteracted by chemopreventive activities of polyphenols (sherry and port contain minimal amounts of polyphenols) (United States Department of Agriculture, 2003) . However, total alcohol intake was not associated with SCC risk in our data and high intakes of sherry and port were very uncommon, with only six participants consuming two or more standard drinks of sherry and port per day. The median intake of sherry and port was 1.2 g of alcohol per day, which corresponds to o1 standard drink per week. Even with these relatively small amounts of alcohol consumption, an increased risk was observed for SCC among participants with a previous history of skin cancer, but unless confirmed by other studies we consider this a chance finding.
In concordance with a previous study (Fung et al., 2002) , our data suggested a positive association between below median intake of spirits and BCC. A possible explanation may be the absence of polyphenols and the presence of the carcinogenic polycyclic aromatic hydrocarbons (PAHs) in spirits. For example, PAHs that originate from the use of caramel in the production process, may contaminate the beverages. Contamination may also occur through smoke released during the process and storage in charred barrels. Although PAH concentrations in spirits are probably low (Garcia-Falcon and Simal-Gandara, 2005) , they may play a role in BCC development among participants without a history of skin cancer. However, this association was not observed for above median intake of sprits, and thus interpretation of the results is difficult, and may be due to chance.
In conclusion, our findings show no association between total alcohol intake and BCC and SCC risk. We found a doubling of SCC risk associated with more than average consumption of sherry/port in persons who had a history of skin cancer before the study, but found no evidence for associations with consumption of alcoholic beverage types in the overall study populations or in those who did not have a history of skin cancer before the study. As our results have only limited agreement with those reported by others, further research on the association between alcohol intake and keratinocytic skin cancer risk is recommended. Future studies could include characterization of lifetime history of alcohol intake and the combined effect of different types of alcoholic beverages on skin cancer risk. 
